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[1] We study the physics of dynamically triggered tectonic
tremor by applying a brittle-ductile friction model in
which we conceptualize the tremor source as a rigid block
subject to driving and frictional forces. To simulate dynamic
triggering of tremor, we apply a stress perturbation that
mimics the surface waves of remote earthquakes. The
tectonic and wave perturbation stresses define a phase space
that demonstrates that both the timing and amplitude of the
dynamic perturbations control the fundamental characteristics
of triggered tremor. Tremor can be triggered instantaneously
or with a delayed onset if the dynamic perturbation
significantly alters the frictional state of the tremor source.
Citation: Trugman, D. T., E. G. Daub, R. A. Guyer, and
P. A. Johnson (2013), Modeling dynamic triggering of tectonic
tremor using a brittle-ductile friction model, Geophys. Res. Lett.,
40, doi:10.1002/grl.50981.

1. Introduction

[2] Earthquakes are caused by local stress conditions in the
Earth’s crust. However, a growing body of evidence indi-
cates that earthquakes may in fact interact at remote distances
[e.g., Velasco et al., 2008; Pollitz et al., 2012], with earth-
quake occurrences at one location influencing seismicity on
distant faults. In particular, the transient stress changes due
to passing seismic waves can dynamically trigger seismicity
[e.g., Stein, 1999; Freed, 2005]. While numerous studies
have focused on triggering of earthquakes by remote seismic
waves [e.g., Gomberg et al., 1998; Hill and Prejean, 2007],
earthquakes occur relatively infrequently, making it difficult
to assess the physics of triggering.

[3] Here we focus instead on triggering of tectonic tremor,
tiny earthquakes that occur much more frequently in the deep
part of the crust and that are particularly sensitive to stress
perturbations [Rubinstein et al., 2007; Thomas et al., 2009].
First observed by Obara [2002], tremor consists of weak
but long-duration seismic activity in the brittle-ductile transi-
tion zone beneath active fault zones [e.g., Rogers and
Dragert, 2003; Shelly et al., 2006]. These tremor episodes
are hypothesized to be comprised of a sequence of individual
low-frequency earthquake (LFE) events, the result of shear
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slip on the deep extension of the fault [e.g., Shelly et al.,
2007; Beroza and Ide, 2011].

[4] Dynamic triggering of tremor has been observed both in
strike-slip regimes like Parkfield, California [e.g., Gomberg
etal.,2008; Peng et al.,2009; Ghosh et al., 2009], and in sub-
duction zones [e.g., Miyazawa and Mori, 2005; Rubinstein
et al., 2007, Gomberg, 2010]. The properties of triggered
tremor are, to date, indistinguishable from nontriggered
(i.e., spontaneous) tremor [Shelly et al., 2011], with the trigger-
ing perturbation simply modifying the timing of spontaneous
tremor episodes. Triggered tremor can occur in two ways:
instantaneously triggered tremor (i.e., tremor concurrent with
the passage of the remote seismic waves [Rubinstein et al.,
2007]) and delayed-onset-triggered tremor (i.e., tremor that
occurs well after the stress perturbation but earlier than in the
absence of a perturbation [Shelly et al., 2011]). Because of
the rich suite of observations of triggered tremor and its sensi-
tivity to small stresses, we use the brittle-ductile friction model
of tremor described below to gain insight into the general
mechanics of triggered seismicity.

2. Brittle-Ductile Friction Model
for Spontaneous Tremor

[s] We employ the brittle-ductile friction (BDF) model of
Daub et al. [2011] to study the physics of triggered tremor.
We model the tremor source region as a rigid block subject
to both driving and frictional forces. The block is driven
along by a spring that represents tectonic loading of the
tremor source region (Figure 1a). Both brittle and ductile fric-
tion restricts the block’s slip motion. Brittle friction is con-
ceptualized as the sum of discrete frictional contacts that
represent individual asperities and fail in a brittle manner.
Each brittle contact imparts a shear stress proportional to
the block’s displacement. When the displacement becomes
greater than the characteristic failure distance for a particular
contact, that contact breaks, and a new contact is formed at
the block’s current position. Stronger contacts have longer
failure distances, and these failure distances a; are drawn
from a power law distribution p(a) ~ a2, consistent with lab-
oratory experiments of sliding roughness in rocks [Dieterich
and Kilgore, 1996]. Ductile friction is rate strengthening,
also consistent with these experiments.

[6] The dynamics of the BDF model are described by

Mdv e V+V
ZE:K(Voz‘—x) —lz;y(x—xo,-)—adlog( P O)
+Fperturb(t);' (1)
dx
—=V. 2
i )

Equation (1) is Newton’s second law divided by fault area 4
for a block of mass M and position x(#). The four terms on the
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Figure 1. Brittle-ductile friction (BDF) model for triggered tremor. (a) Map view of tremor faulting model for the San
Andreas Fault (SAF). Tremor at a single source location is modeled as a rigid block (mass M) pulled across a rough surface
(with N, brittle contacts) at constant velocity V by a spring of stiffness per unit area K. A dynamic shear perturbation, £),,1,(2),
is applied to disturb the system. (b) Slip velocity as a function of time for a typical tremor episode. Each tremor episode consists
of a cascade of distinct failures of the brittle contacts, simulating a sequence of distinct LFEs (denoted by circles). (c) Typical
example of instantaneously triggered tremor. A dynamic perturbation F),,,,(f) with peak stress amplitude F,=18kPa
(maximal at #=0) and 20 s period initiates a tremor episode, which manifests as spikes in slip velocity. Each individual spike
represents an LFE. F,.,,,5(f) is an oscillatory Gaussian pulse and is plotted for reference (in nondimensionalized form, with only
positive stress amplitudes shown for clarity). A cascade of brittle contact failures is initiated just before #=0, triggering tremor

during the latter half of the perturbation.

right-hand side of equation (1) are, respectively, the shear
stress exerted by the spring of stiffness per unit area K, the
friction due to brittle contacts, the friction due to ductile con-
tacts, and the dynamic perturbation, F},c,4,+(f). Brittle friction
is parameterized in terms of brittle stiffness y and x — x,,, the
relative displacements of N, brittle contacts. Ductile friction
is determined by the ductile damping strength o, and the
block’s velocity ¥V relative to the tectonic driving velocity
Vo. We solve for slip velocity V' numerically using a linearly
implicit trapezoidal method [e.g., Press, 2007] to mitigate the
stiffness inherent to equations (1) and (2). Additional model
details and parameter choices are described by Daub et al.
[2011] and the auxiliary material therein.

[7] Each tremor episode consists of a sequence of failures
of individual contacts (Figure 1b), analogous to individual
LFE events. Tremor in the BDF model is thus characterized
by a “cascade” of brittle contact failures, in which the rupture
of an initial (usually strong) contact generates a large drop
in friction and a corresponding spike in slip velocity V
(equation (1)). If the block slips far enough, more contacts will
rupture and the block will slip further, rupturing more contacts,
eventually causing a self-sustaining cascade of contact ruptures
and rapid slip of the block. The ratio of brittle to ductile friction

controls the observable characteristics of tremor, such as the
recurrence time between tremor episodes [Daub et al., 2011].

3. Modeling Dynamic Triggering of Tremor

[8] To study the effects of dynamic triggering on the BDF
tremor model, we augment the equations of motion [Daub
et al., 2011] with a forcing function F),,,(f) that simulates
the shear stress (resolved along the fault interface) applied by
a passing seismic wave. Within the Earth, tremor sources are
subject to repeated dynamic perturbations from earthquakes
at different locations and times. Within the model, however,
we restrict our attention to the application of a single dynamic
perturbation: F,.,..,5() is representative of the seismic waves
radiated from a single earthquake. We model F,¢,1.,,5(?) as an
oscillatory Gaussian wave packet with a 20 s period and a
600 s pulse duration, typical of the long-period Love waves
known to efficiently trigger tremor beneath the San Andreas
Fault [Rubinstein et al., 2007; Peng et al., 2009]. We also
fix the level of brittle friction to 67% of total friction, which
produces tremor episodes with a characteristic recurrence time
~5 days, consistent with observations of tremor near Parkfield,
California [Shelly, 2010; Daub et al., 2011].
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Figure 2. Characteristics of triggered tremor. (a) Tectonic shear stress 7 normalized by failure stress 7/, for a representative
tremor episode. In the absence of perturbation, spontaneous tremor occurs at a failure time #= f,,,,. For a perturbation applied at
toernrb, We define the normalized failure time for a tremor episode as 7= (¢ — tyersurs) / (Espont — tpernurs)- Tremor that occurs with
T=0is instantaneously triggered, while tremor that occurs in the range 0 < 7' < 1 is triggered with delayed onset. (b) Normalized
timing 7 of tremor episodes, plotted as a function of normalized perturbation stress amplitude Fyy/F,,; (Where F,, is the
minimum amplitude perturbation required to instantaneously trigger tremor). For low F), tremor is not triggered (7= 1), while
for Fy > F,g, tremor is triggered instantaneously (7=0). Perturbations with F{, just below Fj,, trigger tremor with delayed
onset (0 < T'< 1). (c) Phase space for triggered tremor. Tectonic stress 7 (normalized by failure stress 74,.) is plotted against
perturbation stress /7 (also normalized by failure stress 7y,.). No triggering is observed for low values of 7 and F,, while
instantaneous triggering is observed for high values of 7 and Fj,. Delayed-onset triggering is observed for F; just below the
instantaneous triggering threshold. (d) Representative example of the cumulative number of distinct brittle contacts ruptured
as a function of time during F},.,,»(f). All the brittle contacts rupture during instantaneously triggered tremor. A smaller fraction
(~30%) rupture for tremor that is triggered with delayed onset—enough to substantially modify the frictional state of the source

but not enough to induce an immediate tremor episode. Low-amplitude perturbations result in no triggering.

[9] In the absence of any perturbation, a spontaneous tremor
episode will occur at a time #,,,,, at which the background tec-
tonic shear stress exerted by the spring r = K(Vt — x) reaches a
failure threshold, 7y, that depends on the state of the brittle
contacts. To explore how the timing and amplitude of an
applied perturbation affects the occurrence of tremor, we first
simulate a tremor episode without any perturbation to deter-
mine the time f,,, at which a spontaneous tremor episode
occurs. We then repeat the calculation with the same initial
set of contacts and apply a perturbation, varying the perturba-
tion time #,4, and amplitude Fy to examine the effect of
amplitude and timing on the triggering process. Note that
within the Earth, the nonperturbed failure time is not known,
making identification of triggering inherently more difficult.

[10] The timing of the tremor episode following perturba-
tion can exhibit three different outcomes: instantaneous trig-
gering, delayed-onset triggering, and no triggering. If the
failure time #, occurs at tr =%,.,4,», then the tremor episode
is instantaneously triggered (Figure Ic). In contrast, if the
perturbation has very little effect on the timing of the tremor

the tremor episode will not be triggered. The event will still
occur when the tectonic stress 7 exceeds the failure stress .y,
and hence, #r =fy,,, (Figure 2a). Delayed-onset-triggered
tremor can occur at any time between fnouup and fo,on.
Quantitatively, we can characterize these three regimes by
examining a normalized failure time 7, which is the failure
time relative to the perturbation time and normalized by
the known time to spontancous failure, or T'= (¢y— tyernis)/
(tspont — tpernws)- If T=0, then the episode is instantaneously
triggered, while if 7=1, the episode is not triggered.
Delayed-onset triggering has occurred if 0 < 7'< 1. The plot
in Figure 2b illustrates how 7 varies with perturbation ampli-
tude, revealing that a small change in triggering amplitude
can have a large effect on the failure time.

[11] In Figure 2c, we show the phase space that character-
izes triggered tremor in the BDF model. When low-amplitude
dynamic perturbations are applied to systems with low
tectonic stress (Fo+7 S Tyinre), DO triggering is observed.
Conversely, when high-amplitude perturbations are applied
to systems with high tectonic stress (Fo+ 172 Tgipre), tremor
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episodes are instantaneously triggered. Within an instanta-
neously triggered tremor episode, spikes in block slip velocity
(i.e., LFE events) tend to coincide with the times when
Foeranns(t) 1s positive (Figure 1c), a robust observation of trig-
gered tremor in the Earth [e.g., Ghosh et al., 2009; Hill,
2010]. Instantaneous triggering in the BDF model is thus anal-
ogous to simple Coulomb failure, with the stress amplitude of
Foernrs(t), Fo, augmenting the background tectonic stress 7 to
induce immediate failure and rapid slip of the tremor source
region. Note, however, that because F),e,(f) is a transient
perturbation with maximum stress amplitude Fy, the average
impulse delivered to the tremor source by one positive stress
lobe of Fes,4(%) is less than that of an analogous, quasistatic
impulse of stress amplitude Fy. Thus, |y may need to exceed
Trinre (Which is a quasistatic stress due to tectonic loading)
in order to instantaneously trigger tremor. Delayed-onset
triggering occurs in a limited band of perturbation amplitudes
just below the threshold amplitude for instantaneous triggering.

[12] Dynamic stresses imparted by Fe.s(f) alter the
frictional dynamics of the BDF system (Figure 2d). For low
perturbation amplitudes, only a small percentage of the brittle
contacts (less than~10%) rupture, and no triggering is ob-
served. Because the strengths of the individual brittle contacts
follow a power law distribution, most of the brittle contacts are
weak. Thus, for low perturbation amplitudes, failure of only
the weakest brittle contacts occurs, which results in negligible
block motion and does not substantially modify the frictional
state of the system. As perturbation amplitude increases, how-
ever, more and more contacts are ruptured. For intermediate
levels of contact ruptures (~10-35%), some of the stronger
contacts rupture, altering the frictional state of the system
enough to cause delayed-onset triggering of tremor.

[13] Ata given level of tectonic stress, there exists a critical
perturbation amplitude, above which any dynamic perturba-
tion will break the strongest brittle contacts, initiating a cascade
of brittle contact failures that ruptures 100% of the contacts
and causes instantaneously triggered tremor. As shown in
Figure 2d, delayed-onset and instantaneously triggered tremor
episodes exhibit similar time evolution of the state of the brittle
contacts until the dynamic stress amplitude of £),e,,4(?) peaks,
triggering tremor instantaneously only for sufficiently large F.
The system therefore reacts nonlinearly to stress perturbations,
as minute changes in perturbation stresses can result in sizable
changes in frictional dynamics (e.g., Figure 2b), a feature that
is not present in strictly linear-elastic failure mechanisms
[Johnson et al., 2012].

4. Discussion

[14] The dynamic stress threshold required to trigger tremor
in BDF model simulations is not absolute—it depends on the
background tectonic stress 7 relative to 74, (see Figure 2¢)
—providing one explanation for the wide-ranging estimates
of such triggering amplitude thresholds within the Earth
[e.g., Gomberg, 2010; Chao et al., 2013]. Furthermore, be-
cause triggering potential depends on both the perturbation
amplitude and the background tectonic stress, the presence
or absence of dynamically triggered tremor events can be used
to gauge the in situ state of stress within the Earth (as
suggested by van der Elst et al. [2013]), as well as to better
constrain the fundamental characteristics of tremor.

[15] For example, consider a scenario in which instanta-
neously triggering is not observed at a known tremor source

region during the passage of the seismic waves (e.g., the
lower left portion of the phase space in Figure 2¢). Since
Fo+ 7 Stg. in this portion of the phase space, the stress
amplitude Fy of the seismic wave perturbation (resolved at
the tremor source) can then provide a lower bound on the
average stress drop, Az, of tremor episodes at that source loca-
tion. For a source of characteristic source dimension L and shear
modulus G, the average slip, Au, associated with these tremor

episodes can then be approximated as Au ~L & 2 L £ .

[16] Various physical mechanisms have been proposed for
delayed-onset dynamic triggering of seismicity, many of
which are based upon subsurface fluid flow [Pollitz et al.,
1998; Hill, 2012] or secondary triggering through slow slip
phenomena [Shelly et al., 2011; Zigone et al., 2012], both of
which occur over a time scale much longer than the triggering
perturbation. The BDF model, however, demonstrates that
nonlinearity in the governing friction law alone can provide
a credible explanation for delayed-onset triggering. In BDF
model simulations, delayed-onset triggering occurs as a result
of'the failure of a subset of brittle contacts during the perturba-
tion £e,,(2) (Figure 2d). This subset of brittle contacts must
both be large enough to substantially modify the frictional
state of the system and thus allow for delayed-onset triggering
yet not so large as to induce immediate failure and instan-
taneously trigger an event. This phenomenon can also be
interpreted in terms of a rate-and-state friction law [e.g.,
Dieterich, 1979; Scholz, 1988], where the dynamic perturba-
tion reduces the critical slip distance through modification of
the frictional contacts, as suggested by Parsons [2005].

[17] While delayed-onset triggering comprises a relatively
small part of the phase space of triggered tremor in the BDF
model (Figure 2¢), delayed-onset triggering within the Earth
should still be common. Low-amplitude perturbations (which
are more frequent, given a Gutenberg-Richter distribution of
remote seismicity) are more likely to give rise to delayed-on-
set-triggered tremor and hence reduce the number of tremor
sources susceptible to instantaneous triggering. Moreover,
delayed-onset triggering within the Earth may be caused not
only by such alterations to local frictional dynamics but also
by the aforementioned large-scale processes related to move-
ment of crustal fluids and induced fault creep. We therefore
anticipate that delayed-onset triggering is a pervasive natural
occurrence, a better understanding of which may significantly
improve our ability to assess seismic hazard in real time.

[18] Acknowledgments. This work was supported by institutional
support (LDRD) at Los Alamos. We thank Joan Gomberg and William
Frank for their insightful comments.

[19] The Editor thanks two anonymous reviewers for their assistance in
evaluating this paper.

References

Beroza, G. C., and S. Ide (2011), Slow earthquakes and nonvolcanic tremor,
Annu. Rev. Earth Planet. Sci., 39, 271-296, doi:10.1146/annurev-earth-
040809-152531.

Chao, K., Z. Peng, H. Gonzalez-Huizar, C. Aiken, B. Enescu, H. Kao,
A. A. Velasco, K. Obara, and T. Matsuzawa (2013), A global search for
triggered tremor following the 2011 Mw 9.0 Tohoku earthquake, Bull.
Seismol. Soc. Am., 103, 1551-1571, doi:10.1785/0120120171.

Daub, E. G, D. R. Shelly, R. A. Guyer, and P. A. Johnson (2011), Brittle and
ductile friction and the physics of tectonic tremor, Geophys. Res. Lett., 38,
L10301, doi:10.1029/2011GL046866.

Dieterich, J. H. (1979), Modeling of rock friction: 1. Experimental results and
constitutive equations, J. Geophys. Res., 84(B5), 2161-2168, doi:10.1029/
JB084iB05p02161.



TRUGMAN ET AL.: MODELING DYNAMIC TRIGGERING OF TREMOR

Dieterich, J. H., and B. D. Kilgore (1996), Imaging surface contacts: Power
law contact distributions and contact stresses in quartz, calcite, glass and
acrylic plastic, Tectonophysics, 256(1), 219-239, doi:10.1016/0040-
1951(95)00165-4.

Freed, A. M. (2005), Earthquake triggering by static, dynamic, and
postseismic stress transfer, Annu. Rev. Earth Planet. Sci., 33, 335-367,
doi:10.1146/annurev.earth.33.092203.122505.

Ghosh, A., J. E. Vidale, Z. Peng, K. C. Creager, and H. Houston (2009),
Complex nonvolcanic tremor near Parkfield, California, triggered by
the great 2004 Sumatra earthquake, J. Geophys. Res., 114, BOOALS,
doi:10.1029/2008JB006062.

Gomberg, J. (2010), Lessons from (triggered) tremor, J. Geophys. Res., 115,
B10302, doi:10.1029/2009JB007011.

Gomberg, J., N. M. Beeler, M. L. Blanpied, and P. Bodin (1998), Earthquake
triggering by transient and static deformations, J. Geophys. Res., 103(B10),
24,411-24,426, doi:10.1029/98JB01125.

Gomberg, J., J. L. Rubinstein, Z. Peng, K. C. Creager, J. E. Vidale, and
P. Bodin (2008), Widespread triggering of nonvolcanic tremor in
California, Science, 319(5860), 173—173, doi:10.1126/science.1149164.

Hill, D. P. (2010), Surface-wave potential for triggering tectonic
(nonvolcanic) tremor, Bull. Seismol. Soc. Am., 100(5A), 1859-1878,
doi:10.1785/0120090362.

Hill, D. P. (2012), Dynamic stresses, Coulomb failure, and remote triggering—
Corrected, Bull. Seismol. Soc. Am., 102,2313-2336, doi:10.1785/0120120085.

Hill, D., and S. Prejean (2007), Dynamic triggering, in Treatise on
Geophysics, vol. 4, edited by H. Kanamori and G. Schubert, pp. 257-292,
Elsevier, Amsterdam, Netherlands.

Johnson, P., B. Carpenter, M. Knuth, B. Kaproth, P. Le Bas, E. Daub, and
C. Marone (2012), Nonlinear dynamical triggering of slow slip on simulated
earthquake faults with implications to Earth, J. Geophys. Res., 117, B04310,
doi:10.1029/2011JB008594.

Miyazawa, M., and J. Mori (2005), Detection of triggered deep low-frequency
events from the 2003 Tokachi-oki earthquake, Geophys. Res. Lett., 32,
L10307, doi:10.1029/2005GL022539.

Obara, K. (2002), Nonvolcanic deep tremor associated with subduction in south-
west Japan, Science, 296(5573), 1679—1681, doi:10.1126/science.1070378.

Parsons, T. (2005), A hypothesis for delayed dynamic earthquake triggering,
Geophys. Res. Lett., 32, 1.04302, doi:10.1029/2004GL021811.

Peng, Z.,J. E. Vidale, A. G. Wech, R. M. Nadeau, and K. C. Creager (2009),
Remote triggering of tremor along the San Andreas Fault in central
California, J. Geophys. Res., 114, BOOA06, doi:10.1029/2008JB006049.

Pollitz, F. F., R. Biirgmann, and B. Romanowicz (1998), Viscosity of oceanic
asthenosphere inferred from remote triggering of earthquakes, Science,
280(5367), 1245-1249, doi:10.1126/science.280.5367.1245.

Pollitz, F. F., R. S. Stein, V. Sevilgen, and R. Burgmann (2012), The 11
April 2012 east Indian Ocean earthquake triggered large aftershocks
worldwide, Nature, 490, 250-253, doi:10.1038/nature11504.

Press, W. H. (2007), Numerical Recipes 3rd Edition: The Art of Scientific
Computing, Cambridge Univ. Press, Cambridge, U.K.

Rogers, G., and H. Dragert (2003), Episodic tremor and slip on the Cascadia
subduction zone: The chatter of silent slip, Science, 300(5627), 1942—1943,
doi:10.1126/science.1084783.

Rubinstein, J. L., J. E. Vidale, J. Gomberg, P. Bodin, K. C. Creager, and
S. D. Malone (2007), Non-volcanic tremor driven by large transient shear
stresses, Nature, 448(7153), 579-582, doi:10.1038/nature06017.

Scholz, C. H. (1988), The critical slip distance for seismic faulting, Nature,
336, 761-763, doi:10.1038/336761a0.

Shelly, D. R. (2010), Periodic, chaotic, and doubled earthquake recurrence
intervals on the deep San Andreas Fault, Science, 328(5984), 13851388,
doi:10.1126/science.1189741.

Shelly, D. R., G. C. Beroza, S. Ide, and S. Nakamula (2006), Low-
frequency earthquakes in Shikoku, Japan, and their relationship to
episodic tremor and slip, Nature, 442(7099), 188-191, doi:10.1038/
nature04931.

Shelly, D. R., G. C. Beroza, and S. Ide (2007), Non-volcanic tremor and low-
frequency earthquake swarms, Nature, 446(7133), 305-307, doi:10.1038/
nature05666.

Shelly, D. R., Z. Peng, D. P. Hill, and C. Aiken (2011), Triggered
creep as a possible mechanism for delayed dynamic triggering of
tremor and earthquakes, Nat. Geosci., 4(6), 384-388, doi:10.1038/
NGEO1141.

Stein, R. S. (1999), The role of stress transfer in earthquake occurrence,
Nature, 402(6762), 605-609, doi:10.1038/45144.

Thomas, A. M., R. M. Nadeau, and R. Biirgmann (2009), Tremor-tide correla-
tions and near-lithostatic pore pressure on the deep San Andreas fault,
Nature, 462(7276), 1048-1051, doi:10.1038/nature08654.

van der Elst, N. J., H. M. Savage, K. M. Keranen, and G. A. Abers (2013),
Enhanced remote earthquake triggering at fluid-injection sites in the
midwestern United States, Science, 341(6142), 164-167, doi:10.1126/
science.1238948.

Velasco, A. A., S. Hernandez, T. Parsons, and K. Pankow (2008), Global
ubiquity of dynamic earthquake triggering, Nat. Geosci., 1(6), 375-379,
doi:10.1038/nge0204.

Zigone, D., D. Rivet, M. Radiguet, M. Campillo, C. Voisin, N. Cotte,
A. Walpersdorf, N. M. Shapiro, G. Cougoulat, and P. Roux (2012),
Triggering of tremors and slow slip event in Guerrero, Mexico, by the
2010 Mw 8.8 Maule, Chile, earthquake, J. Geophys. Res., 117, B09304,
doi:10.1029/2012JB009160.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (ECI-RGB.icc)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


